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INTRODUCTION 
The western corn rootworm, Diabrotica virgifera Leconte, 
the northern corn rootworm, Di.abrotica longicornis (Say), and 
the sQuthern corn rootworm, Diabrotica undecimpunctata howard.i 
Barber, are major pests of corn in the corn belt region. In 
South Dakota, the western and northern corn rootworms are the two 
predominant species that produce economic damage. 
The damage produced by this insect complex has elevated them 
to the position of the number one corn insect pest. In South 
Dakota the corn rootworm was estimated to produce 5o% of all 
damage that occurs to corn (Jones, 1968). 
The corn rootworm is an important factor in the economy of 
South Dakota agriculture. Kantack (1965) estimated that in 1964 
this insect caused 3 million dollars damage in South Dakota. Jones 
(1968) estimated that the corn rootworm cost South Dakota farmers 
over? million dollars because of damage and the cost of control . 
Economic damage has been higher in the major corn growing states 
of Nebraska and Iowa. 
Corn rootworms damage the corn plant in several ways. The . 
larvae feed on the roots of corn and high populations can destroy 
almost the entire root system. The larvae feed both externally 
and internally on .the roots, preventing growth and damaging the 
roots so that they are more exposed to root rot organisms. 
V 
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The larvae may kill the plant altogether by their feeding, 
although the more common damage is reduced yields caused by the 
,etarded growth and lodged plants which make harvesting with 
mechanical pickers difficult and often impossible. In addition 
to root damage caused by larval feeding, the adult �orn rootworms 
damaged corn plants by feeding on the leaves and silks. Feeding 
on silks often resulted in poorly .filled ears because of inade­
quate pollination. Adults may also reduce yields by feeding on 
kernels at the tip of the corn ear. 
Early control of corn rootworms was achieved by crop rota­
tion. /1Thi� method of control was recommended by Forbes in 1894 � .:.--
(Hill tl �., 1948) for control of the northern corn rootworm 
and by Gillette {1912) for control of the western corn rootworm. 
Agricultural economics following World War .II made it desir­
able to switch from crop rotation to corn after corn plantings in 
many areas. This change in farming practice resulted in a popu­
lation increase of the corn rootworms. Tests to determine the 
effectiveness of insecticides against the·rootworm larvae were 
i () 
initiated at this time. Ea�nsecticide tests for control of 
the corn rootworm were conducted in Nebraska by Hill� tl· 
(1948), Muma et al. (1949) and Ball (1956); Cox and Lilly (1953)' 
and Lilly (1954) in Iowa; Burkhardt (1954) in Kansas; Biggar and 
Blanchard (1955) in Illinois; and Apple (1957) in Wisconsin . 
/ Chlorinated hydrocarbon insecticides were recommended from 
the results of these tests and were used exclusively for corn 
rootworm control during the 1950's. 
.J 
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Resistance by the western corn rootworm to the chlorinated 
hydrocarbons ·was reported in Nebraska by Ball and Weekman (1962). 
Resistant western corn rootworm populations were subsequently 
found in localized areas in South Dakota (Howe et!!· 1963), 
Kansas, (Burkhardt, 1963), and Iowa, Minnesota and Missouri 
(Hamilton, 1965). 
Tests of organophosphorous and carbamate insecticides were 
then initiated in several states. 
Phorate and diazinon were two of the insecticides that gave 
good rootworm control. Ball in 1968 reported a build-up of 
resistance to these insecticides in Nebraska. 
� ----= A build-u·p of a corn rootworm population resistant to par­
ticular, commonly used insecticides creates a need for yearly 
evaluations of registered and unregistered insecticides. Root­
worm control tests have been conducted in several midwestern 
states including South Dakota on a yearly basis since the resis­
tant corn rootworm became a problem in the corn belt area. 
Several methods of analysis have been used in evaluating 
rootworm damage. Methods of analysis that have been used are 
root ratings, larval counts, root pulls, root volume, lodging 
and yield data. 
All of these tests have faults. Peters (1963) reported that 
lodging and yield data are the most remote methods of analyzing 
root damage. Several factors can affect these results. High 
soil moisture during July and August may result in increased 
lodging. Severe wind storms can bias lodging results by creating 
4 
lodging unrelated to rootworm damage. Uneven fertility and 
moisture in the fields may cause faster regrowth of some of the 
root systems resulting in abnormal yield variations. Peters 
(1963) also reported that larval counts were affected by the ten­
dency of the more vigorous plants to have more larvae, and that 
root pulls and root volumes may vary because of differences in 
plant vigor, and root ratings may :-,ary with the judgment of the 
observer. 
Light rootworm populations on test plots complicate the 
analysis of the performances of insecticides. In some cases 
under light or uneven infestations no differences in insecticide 
performance will be detected by the use of yield and lodging 
tests. 
The present study was conducted in 1968 and 1969 to analyze 
root pulls and root ratings as a method of testing performance of 
insecticides against corn rootworms. 
Heavy rootworm populations can not always be guaranteed in 
selected test plots. In order to get significant test results, 
methods of analysis are necessary to detect differences in per­
formance of insecticides under light and moderate rootworm 
infestations. 
Studies were made of performances of insecticides by root 
pulls and root ratings on four plots in 1968 and 1969. The 
results from these two methods of analysis were correlated to 
determine how closely the results of the tests compared . 
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In 1969, a detailed study of the sequence of attack on the 
root system by the corn rootworm larvae was conducted in the 
untreated check rows of the test plots to determine at what time 
the damage began and peak damage occurred. The primary objective 
of this 1arval deve1opment survey was to determine the optimum 
time �o conduct the root rating and root pull tests in relation to 
maximum root damage. The examination of the ratio and distribu­
tion of second, and third instar larvae and the pupal stage in and 
around the· root system could determine when maximum damage was 
likely to occur, so these tests could be performed before root 
regrowth masked true differences between treatments. 
The objective of this study was to determine if root pull 
and root rating data could be utilized to detect differences in 
insecticide performance in the control of the corn rootworm, and 
if so, the optimum time for these tests. 
LITERATURE REVIEW 
Early History of the Corn Rootworms 
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The northern corn rootworm was first recognized as an insect 
pest by Riley in Illinois in 1880 according to Hill et al. (1948). 
Severe damage produced by this insect was reported by Thomas 
(1881).and French (1882)0 The western corn rootworm was described 
by Leconte in 1868. (Smith and Laurence, 1968). The economic im­
portance of the western corn rootworm was first noted when this 
species damaged sweet corn in Colorado in 1909. (Gillette, 1912). 
Gillette (1912) noted the western corn rootworm occurred in 
two forms, one with the wing covers black, except for narrow 
yellow margins and yellow tips, and the other with yellow striped 
elytra. He correctly concluded the black form to be the male and 
the striped form the female. -Before 1912, this species had been 
collected in New Mexico, Arizona, and Sonora, Mexico. 
There is little mention of the western corn rootworm in the 
literature until 1946. Bare and Tate (1946) stated that the 
western corn rootworm was first noted in Nebraska in 1929 and 
1930 and that some damage to corn had been reported in the south­
west corner of the state. They also reported that heavy damage . 
occurred along the Platte River in 1941 and by 1946 the insect 
had progressed to the Grand Island area. Bare and Tate (1946) 
observed that severely damaged plants were susceptible to lodging 
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if rain or irrigation had been accompanied by wind. First 
damaging populations of this insect occurred in Kansas in 1945, 
�s reported by Bryson et _al. (1953). They considered it to be a 
. severe pest in corn on fields in the northern part of Kansas in 
the early 1950's. 
The western corn rootworm was first collected in western 
South Dakota in 1922 and 1930 (Kantack, 1965). In 1961, popula­
tions were reported building up in the southern part of the state. 
The damage increased in 1962 and was especially severe in several 
southeastern counties (Kantack, 1965). Howe et al. (1963) and 
Hamilton (1965) reported this species to be resistant to aldrin. 
The western corn rootworm is now present in all the corn growing 
areas of the state and is presently the major pest of corn in 
Sou h Dakota (Jones, 1968). 
Biology of the Corn Rootworms 
Observations on the biology of the western corn rootworm are 
incomplete. The life history of the northern corn rootworm is 
similiar to the western corn rootworm although recent studies 
have centered on the western corn rootworm as it is a more .serious 
pest in much of the corn belt region. George and Hintz (1965) 
stated that the difficulty of observing soil insects in their 
natural environment and the lack of a laboratory rearing pro­
cedure may account for the.fact that most publications have dealt 
with distribution and control. 
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Gillette (1912) made t he first observations of t he western 
corn rootworm when he described the larvae and adults. He 
assumed the life cycle to be similiar to the northern corn 
root worm . 
Tate and Bare (1946) stated that the larvae attacked roots 
by e�ting off the smaller ones and tunneling into the larger 
roots and crowns. These authors were the first to mention 
heavy adult populations eating the silks before pollinat ion 
was complete . 
The larval period ranged from the middle of June to the 
latter part of July in Kansas, this period varying with the 
season, soil conditions and environmental factors. (Bryson 
et al. , 1953). High populations of larvae cut off and tunneled 
all main roots and rootlets and damaged the roots so badly that 
decay organisms gained entrance and completely destroyed the 
roots. Symptoms of heavy rootworm attack were dwarfed stalks, 
many plants lodged and failure to produce ears. Many of t he 
ears produced were chaffy in appearance and hot dry weather 
hastened plant maturity while those not damaged retained their 
green color. (Bryson et  al., 1953). 
Ball (1957) studied the adult movements and oviposition 
habits of t he adult corn rootworms. The adults congregated on 
clumps of volunteer corn and appeared to prefer younger more 
succulent plants or a sheltered habitat in which to feed. Adults 
were abundant in alfalfa fields as well as corn fields and were 
observed mating in the field from late July until October. Egg 
laying commenced during the second or third week of August and 
continued until a killing frost occurred. Eggs overwintered in 
the soil and hatched the following summer. 
Female rootworms laid an average of 372 eggs in 1954 and 
418 in 1955. Twenty-three percent of the eggs were laid in the 
upper.2 inches, 58 percent in the upper 4 inches, and 80 percent 
in the upper _6 inches of soil. (Ball, 1957). 
Peters (1963) reported the western corn rootworm hatched 
earlier than the northern corn rootworm. 
George and Hintz (1966) observed the larvae of the western 
corn rootworm to have 3 development instars on squash media. 
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First instar larvae averaged 1. 5 mm. in length and spent an 
average of 11 days in this stage. Larvae averaged 14 days in the 
second instar with an average larval length of 3. 73 mm. The third 
instar stage averaged 27 days with an average larval length of 
?-12 mm. The pupal stage lasted an average of 15 days. The 
average duration of the immature stages was 50 days on corn roots 
and 64 days on squash. 
The western corn rootworm can complete its immature stages on 
native grasses of the family Graminae. (Branson and Ortman, 1967a). 
The fecundity of adults reared from the native grasses of Graminae 
was not reduced. (Branson and Ortman, 1967b). 
The life history of the northern corn rootworm is similiar 
to the western corn rootworm� in that it has one generation per 
year. (Forbes, 1915). Forbes (1915) made a detailed study of 
rotation and concluded that corn after another crop was a 
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completely effective means of control and that damaging popula­
tions did not occur until a field had been in continuous corn for 
3 years. Bigger (1932) reported the first instance of rotation 
failing to give complete control of the northern corn rootworm. 
Some infestations occurred in corn following oats and sweet 
clover. 
Apple and Patel (1963) reported on the sequence of attack by 
the northern corn rootworm. The majority of larvae occurred in 
the fourth set of crown roots. Considerable damage also occurred 
to the fifth and sixth nodes. 
Chemical Control Tests and Rating Methods 
The first chemical t·est reported for the control of corn 
rootworms was performed in Nebraska in 1946. (Hill tl �- 1948). 
Methods used to evaluate rootworm caused damage were larval 
counts, lodging and yields. Further tests were conducted in 
194? and 1948. (Muma tl al. 1949). Results from these tests 
indicated that benzene hexachloride produced a significant 
decrease in larval counts and reduced lodging, but actual yields 
were not increased. Yiel ds from mechanically harvestable corn 
were increased because of the decreased lodging. 
Extensive tests for chemical control of t he corn rootworm 
were conducted in Iowa in 1952. (Cox and Lilly, 1953). Insec­
ticides, application methods, application rates, and application 
times were evaluated. Criteria used in the studies were counts 
of larvae and adults, lodging records, and yield estimates. 
Significant differences between the untreated check and the 
insecticide applications were obtained with all three methods 
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pf evaluation. Chemicals that provided effective control of 
northern corn rootworms were aldrin, chlordane, lindane, dieldrin 
and heptachlor. Broadcast insecticide treatments that proved 
effective were sprays, wettable powders and starter fertilizer 
mixtures. 
Lilly (1954) reported significant reduction in rootworm 
numbers and increase in yield following treatments of .5 pound 
heptachlor, 0.6 pound aldrin and 0. 8 pound chlordane per acre 
mixed with starter fertilizer. Significant control was also 
obtained using 1. 0 pound aldrin, endrin, heptachlor and lindane 
in pre-plowing broadcast sprays. 
Burkhardt (1954) conducted chemical control tests against 
the western corn rootworms in Kansas in 1953. Criteria used in 
evaluating damage were larvae per plant, plants lodged and yield. 
Significant results were obtained from the larval counts and 
lodging tests. Burkhardt observed delayed pupation of surviving 
larvae in the treated plots indicating that the development of 
surviving larvae may have been retarded by the insecticides. 
Burkhardt reported significant control with lindane, heptachlor; 
and aldrin. 
Other control tests using chlorinated hydrocarbons against 
the corn rootworm ·were performed by Bigger and Blanchard (1955) 
in Illinois in 1953 and 1954, and Apple (195?) in Wisconsin in 
12 
.1954 and 1955. The chlorinated hydrocarbon products were found 
to be effective in the control of corn rootworms. 
Weekman (1961) reported that large areas in Nebraska had 
experienced failure of chlorinated hydrocarbons to control the 
western corn rootworm in 1960 and 1961. Ball and Weekman (1962) 
reported that LD50 tests of the western corn rootworm showed 
populations in some areas resistant to aldrin and heptachlor. 
Further tests of resistance of western and northern corn root­
worms showed localized populations of resistant beetles occurred 
in South Dakota in 1963, (Howe et tl•, 1963); in Illinois, 
(Bigger, 1963); in Ohio, (Blair� al. , 1963}; in Minnesota a,nd 
Iowa, (Hamilton, 1965); and in Wisconsin, (Patel and Apple, 
1966). 
New insecticide control programs and new methods of analysis 
were made necessary by the appearance of resistant corn root-
worms. 
Weekman (1962) initiated a program in 1961 for testing 
insecticide treatments against the corn rootworm in areas where 
chlorinated hydrocarbons had failed to control the western corn 
rootworm. Weekman used a root rating technique performed in 
mid-July and lodging percentages as an analysis of rootworm 
damage. 
Peters (1964) utilized root rating and percent lodging 
criteria and found both highly significant when correlated with 
yields.  Eiben and Peters (1965) utilized root pulls, grams .dry 
weight, and total roots in an evaluation of varietal response to 
rootworm damage. Pounds pull or that force .required to pull 
roots from the soil gave the best indication of rootworm 
related response. 
Ortman and Fitzgerald (1965) utilized a rating system to 
evaluate the performance of varietal response of corn to root­
worm �amage. 
Patel and Apple (1966) used lodging to evaluate rootworm 
damage in insecticide test plots in 1964 and observed that 
lodging increased during rainstorms. They reported failure of 
chlorinated hydrocarbons against the northern corn rootworm . 
Organophosphates and carbamates were effective in controlling 
the northern corn rootworm. 
Peters (1965) utilized yields, lodging, root ratings, and 
rootworms per plant to evaluate insecticide efficacy. Root 
ratings and percent lodging were reported equally effective in 
analyzing rootworm damage in this study. 
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Larval counts, root pulls, percent lodging, and yields were 
used in insecticide performance tests in South Dakota in 1964, 
1965, and 1966. (Nearman, 1968). 
Sechriest (1968) utilized larval counts, root ratings, 
lodging, and yields in evaluation of insecticide treatments in 
Illinois in 1967. 
Musick and Fairchild (1968) evaluated insecticide treatments 
with a combined analysis rating in Missouri in 1967. The com­
bined analysis rating consisted of an average ov·erall root rating, 
a damaged root rating and a pruned root rating . 
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METHODS AND MATERIALS 
Test plots were established in South Dakota in 1968 and 
1969 for the evaluation of insecticide performance. Plots were 
chosen from fields that had a previous history of corn rootworm 
damage. 
Test plots in the fields consisted of four replicates with 
treatments arranged in a randomized complete block design, 
except where complete randomization would have made insecticide 
application difficult or cooperator harvest�ng impractical. 
Corn was planted on the plots at the normal planting rates used 
by the cooperator in that area. 
Sixteen insecticides were tested in 1969 with a total of 31 
different rates or application methods. Twenty-five additional 
treatments were applied on the Lincoln County test plot. The 
insecticides tested were as follows: 
Phorate (Thimet) - 0, 0, Di.ethyl S- (ethylthiomethyl) phosphoro­
dithioate 
Dasanit- 0, 0 Diethyl 0- (p- (methylsulfinyl) phenyl) 
phosphorothioate 
Di-Syston- 0, 0- Diethyl S- (2- (ethylthio) ethyl) phosphoro­
dithioate 
Baygon- 0-Isopropoxyphenyl methylcarbamate 
Bay 37289- 0-Ethyl 0-2, 4.,5- trichlorophenyl ethylphosphoro­
thi�ate 
Bux- m- (1-ethylpropyl)phenyl methylcarbamate mixture (1-3) 
with m- (1-methylbutyl)phenyl methylcarbamate 
ER 2441- chemical name unavailable 
Diazinon- 0, 0-diethyl 0- (2-isopropyl-6-methyl-4-pyrimidinyl) 
phosphorothioate 
Mocap-0-Ethyl S, S-dipropyl phosphorodithioate 
Furadan- 2, 3-dihydro-2, 2-dimethyl-7-benzofuranyl methyl-
carbamate 
Ortho 5305-.chemical formula unknown 
Landrin-Trimethylphenyl methylcarbamate 
SD 8530- 3, 4, 5, trimethylphenyl methylcarbamate 
vcs-506�0- (2, 5 -Dichloro-4-bromophenyl) 0-methyl phenyl 
thiophosphorate 
Heptachlor plus Bux- heptachloro-4, 7-methanoindene plus 
m- (1-ethylpropyl)phenyl methylcarbamate mixture (1-3) 
with m- (1-methylbutyl)phenyl methylcarbamate 
15 
Chlordane plus Bux- octachloro-4, 7 methano tetrahydroindane 
plus m- (1-ethylpropyl)phenyl methylcarbamate mixture (1-3) 
with m- (1-methylbutyl)phenyl methylcarbamate 
The treatments were applied with the following methods and 
rates. The planting time treatments.were: Phorate and low odor 
Phorate at 1 pound actual insecticide per acre; Da.sanit liquid con­
centrate broadcast at 2, 4, and 6 pounds actual insecticide (a. i. ) 
per acre, Dasanit 10% granules broadcast at 4 and 6 pounds a. i. 
per acre, broadcast treatments applied before planting; Dasanit 
liquid concentrate at . 9  and 1. 2 ounces a.i. per 1000 feet banded 
after planting; Dasanit 10% granules at 1 pound a. i. per acre; 
Di-Syston liquid concentrate was broadcast at 4, 6, 10 pounds 
a. i. per acre and Di-Syston io% granules broadcast at 10 pounds 
a. i. per acre before planting; Baygon 70 wettable powder 
(w.p.) was banded at .6 and . 9  ounc-es a. i. per 1000 feet and 
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Baygon 5% granules at . 6  and . 9  ounces a. i. per 1000 feet. 
Bux 10% granules at . 75 and 1 pounds a. i. per acre, Bux 15% 
granules at 1 pound a. i. per acre, and Bux Emulsifiable concen-
. trate at 1 pound a. i. per acre; ER 2441 10% granules at . 75, 1, 
and 2 pounds a. i. per acre; Dia zinon 14% granules at 1 pound a. i. 
per acre; Mocap 10% granules at . 75 and l pounds a. i. per acre ; 
Furadan 10% granules at . 5  and . 75 pounds a. i .  per acre and 3% 
granules at . 5  pound per acre a. i. ; Ortho 5305 10% granules at 
1 pound a. i. per acre; La.ndrin 10 and 15% granular formulations 
with various carriers at .75 pound a. i. per acre; SD 8530 w. p. at 
.1 pound a. i .  per acre; VCS-506 10% granules at . 5  and · l pounds 
a . i. per acre; Heptachlor. 8% granules and Bux 6% granules at 1 
plus . 75 pounds, and at . 75 and . 5  pounds a. i .  per acre ; 
Chlordane 20% granules plus Bux 7. 5% granules at 2 plus . 75 · and 
1. 5 plus . 56 pounds a. i. per a�re. 
The following treatments were applied at cultivation time: 
Dasanit liquid concentrate at . 6  and .9  ounces, a. i. per 1000 
feet , Dasanit 10% granules at . 6  and . 9  ounces a. i. per 1000 
feet; Baygon 70 w. p .  at . 3, . 6, and . 9  ounces a. i. per 1000 feet, 
and Baygon . 6  ounces a. i. per 1000 feet; Bay 37289 10% granules 
at 1. 2 ounces a. i. per 1000 feet; and VCS-506 at 1 pound a. i. per 
acre . 
Ten insecticides were tested in 1969 with a total of 27 
different rates or application methods. The chemical formula­
tions were as �ollows: 
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Phorate (Thimet)- O, O, Diethyl S- (ethylthiomethyl) phosphoro­
dithioate 
Phorate (Thimet) plus Zinophos- O, O, Diethyl S- (ethylthio­
methyl) phosphorodithioate plus O, 0-diethyl 0-2-pyrazinyl 
phosphorothioate 
Dasanit- O, 0- Diethyl 0- (p- (methylsulfinyl) phenyl ) 
phosphorothioate 
Bux- m- (1-ethylpropyl)phenyl methylcarbamate mixture (1-3) 
with m-(l-methylbutyl)phenyl methylcarbamate 
Diazinon- 0, 0-diethyl 0- (2-isopropyl-6-methyl-4-pyrimidinyl) 
phosphorothioate 
Furadan� 2, 3-dihydro-2, 2-dimethyl-7-benzofuranyl methyl­
carbamate 
Mocap- 0-Ethyl S, S-dipropyl phosphorodithioate 
Landrin- Trimethylphenyl methylcarbamate 
Dyfonate- 0-ethyl S-phenyl ethyphosphonodithioate 
Heptachlor- heptachloro-4, 7, -methanoindene 
Heptachlor plus Bux-heptachloro-4, 7, -methanoindene plus 
m-(1-ethylpropyl)-phenyl methylcarbamate mixture (1-3) 
with m- (1-methylbutyl)phenyl methylcarbamate 
The insecticides were applied at the following rates and 
methods. The planting time treatments were: Phorate (Thimet) 
15% granules at 1 pound a. i. per acre, Phorate (Thimet) plus 
� Zinophos at l pound a. i. per acre in the fol�owing granular for­
mulations : Phorate 12% plus Zinophos 3%, Pho_rate 10% plus 
Zinophos 5%, Phorate 7. 5% plus Zinophos 7. 5%, Dasanit liquid 
concentrate spray banded at 1 and . 5  pounds a. i. per acre, Bux 
10% granules at l pound per acre a. i. , Bux 15% granules at 1 and 
. 75 pounds a. i. per acre, and Bux emulsifiable concentrate banded 
at 2 pounds a. i .  per acre, and spray broadcast at l and 2 pounds 
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a. i. per acre and spray broadcast at 2 pounds a. i. per acre in 
Uran and in solution with Atrazine ; Diazinon 14% granules at 1 
pound a. i. per acre ; Furadan 10% granules at . 75 pounds a. i. per 
acre; Mocap 10% granules at l pound a. i. per acre; Landrin 15% 
granules at . 75 pounds a. i. per acre; Dyfonate 20% granules at 
1 pound a. i. per acre; Heptachlor 10% granules at l pound a. i. per 
acre; Heptachlor 8% granules plus Bux 6% granules at l plus . 75 
pounds a. i. per acre, and at . 75 �nd .56 pounds a. i. per acre. 
The cultivation treatments consisted of Dasanit liquid con­
centration at l and . 5  pounds a. i. per acre and Dasanit 10% 
�ranules at 1 and . 5  pounds a. i. per acre. 
Planting and Application - 1968 
Experimental plots were established in four fields to test 
insecticide performance. Plots were established in Yankton 
County, Sec. 14 Twp. 96 Rn. 57 . ,  Albert Gunderson, cooperator ; 
Lincoln County, Sec. 3 Twp. 96 Rn. 49., Herman Paulson, 
cooperator ; Lake County, Sec. 34. Twp. 155. Rn. 52., William 
Allgaier, cooperator; Fall River County, Sec. 25. Twp. 7. Rn. 7. , 
Don Vannetta, cooperator. These plots were established on these 
farms because of a past history of rootworm infestation. Egg 
counts from soil samples established that populations were 
present. 
Corn was planted on May _ll in Lincoln County, May 18 in 
Yankton County, May 21 in Lake County and May 29 - in Fall River 
County. Sokota Sk 68 was planted in Fall River and Lake 
Counties, Dekalb 3715 in Lincoln County , and Sokota 619 in 
Yankton County. 
Fertilizer was applied to the plots by the cooperators to 
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. insure uniform growth. The fertilizer application in Fall River 
County consisted of 200-60-60- (Nitrogen- Phosphorus-Potassium) 
plus 6 pounds of zinc sulphate per acre broadcast May 2 0. In 
Lake County 200 pounds of 70-45-30 was broadcast May 10. In 
ld.ncoln County 0-39-10 was broadcast at 100 pounds per acre, 
115-0-0 was plowed down the previous fall, and starter fertilizer 
8-32-10 was applied at planting time. In Yankton County, 
28-14-0 was broadcast at planting time and 76 pounds of Nitrogen 
was side dressed June 18 . 
Atrazine herbicide was applied to the fields in Yankton, 
Lake and Lincoln Counties to control weeds. The application 
dates were: Yankton County, June 7 ;  Lincoln County, June 8; and 
in early July in Lake County. 
The insecticides were applied by the following means. The 
application of the preplant treatment of wettable powders and 
emulsifiable concentrates consisted of hand water �sprinklers 
sprinkling the solutions over the entire replicate. The pre­
plant granular insecticides were broadcast evenly over the entire 
replicate with a specially adapted 2-wheel cyclone spreader. The 
circular shield on the cyclone spreader was removed to give a 
three foot band for broadcast application. _ The granular appli­
cation after planting consisted of a seven inch band over the row 
using the John Deere tractor and Noble granular applicator. 
The insecticides were then incorporated into the soil with a 
trailing chain. The liqui d applications at planting time were 
applied in seven inch bands with a water sprinkling can. They 
were immediately incorporated into the soil by raking. The 
applications at planting time were completed on May 17 in 
Lincoln County, May 20 in Yankton County, May 22 in Lake County 
and June 4 in Fall River County. 
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The liquid cultivation applications were applied in a seven 
inch band with hand water sprinkling cans.  The granular appli­
cations were applied with a 2-wheel cyclone spreader in a seven 
inch band over the row. The insecticides were incorporated into 
the soil a fter application by normal cultivation. The applica­
tion dates for the cultivation treatments were : Lincoln County, 
June 12 : Yankton County, June 15 ; Lake County, June 21 ; and 
Fall River County, June 27. 
Evaluation of Rootworm Damage - 1968 
Larval counts were made from the center two rows of the 
check replicates in early July to determine the distribution and 
population of larvae in the test plots. The larval counts con­
sisted of a 7 x 7 x 7 inch soil sample containing the root system 
in the center. The larval counts were made on July 11 in Yankton 
County, July 16 in Fall River County, July 18 in Lincoln County, 
and July 22 in Lake County • .  Five plants were taken from each 
check for a total of 80 plants in Yankton and Lake Counties, 100 
plants in Lincoln County, and 30 plants in Fall River County. 
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Root pulls and root ratings were conducted in late July and 
early August. Plants were pulled on July 24 1n Yankton County , 
�u1y 26 and 27 in Lincoln County , July 31 in Fall River County, 
and August 6 ,  7 ,  and 8 in Lake County. The root pull was first 
used by Ortman and Fitzgerald in 1964 to test varietal response 
to corn rootworm attack and proved an effective indicator of 
rootworm related damage. 
Five plants were pulled from the center two rows of each 
treatment. · The five plants were selected randomly and cut off 
and trimmed with a machete about 18 inches from the ground. A 
steel electrician's sock was then placed over the stalk and 
attached to a tensiometer. The tensiometer was then pulled up 
with the aid of a bar and a tripod and the maximum pressure 
required to pull the plant was recorded. 
The dirt was then knocked loose from the root system and 
the plants were rated in the same order that they were pulled 
so that root pulls and root ratings could be correlated in 
relation to root damage . 
- The root rating system used was devised by Roger Didriksen 
of the Shell Chemical Company. The system consisted of a rating 
of 1-6. The ratings were as follows: 1- No visible feeding 
damage; 2- Minor tip feeding_ on some roots; 3- Extensive tip 
feeding with some pruned roots; 4- Extensive tip feeding with 
pruned roots but node not entirely gone; 5- Severe pruning on two 
nodes with one node destroyed; 6- Two or more nodes destroyed. 
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From the four experimental plots a total of 3220 plants were 
pulled and roots rated. These two methods were then analyzed 
statistically to determine the efficacy of the various treatments. 
Duncan ' s  New Multiple Range Test was applied to the data after an 
analysis of variance was carried out via a computer. The results 
we re then analyzed to check the effectiveness of these two 
methods in detecting rootworm related damage. 
Planting � Application - 1969 
Experimental plots were established in five fields to test 
insecticide perfor mance in 1969. Plots were established in the 
following locations :  Clay County, Sec. · 14. Twp. 95. Rn. 52. , 
Don Hunter, cooperator; Fall River _County , Sec. 27. Twp. 7. 
Rn. 7. , Willard Ringenburg , cooperator; Moody County, Sec. 34. 
Twp. 105. Rn. 48. , Gerald Haak. , cooperator; Hamlin County, 
Se c .  20. Twp. 113. Rn. 51. , Oliver Heiselmeyer, cooperator ; and 
Yankton County, Sec. 14. Twp . 96. Rn. 57. , Albert Gunderson, 
cooperator. These plots were established because of a past 
history of rootworm infestation and to get a distribution of 
plots across the corn growing areas of the state. 
The planting dates for the fields were : Fall River County,, 
May ? ; Union County, May 13 ; Hamlin County, May 20 ; Moody County, 
May 22 ; and Yankton County, June 18. 
The granular insecticide treatments were applied to the 
plots with a John Deere 112 Garden Tractor with a Noble granule 
box and metering unit and Remcor bander in a seven inch band over 
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the row (Fig . 1). The granules were incorporated into the soil by 
trailing chains from the applicator. 
The liquid insecticides were applied with the John Deere 
Garden Tractor and a: John Deere 5-A liquid sprayer (Fig. 2). The 
liquid banding treatments were banded over the row in a seven 
inch band by utilizing one nozzle on the sprayer . 
The liquid broadcast treatments were broadcast in 80 inch 
strips covering two 4o-inch rows at a time and utilizing seven 
nozzles on the sprayer boom. The liquids were incorporated by 
trailing a drag with attached chains. 
The insecticide application dates were: Fall River Coui:ity, 
May 8; Clay County, May 15, 16; Hamlin County ,  May 24 ; Moody 
County, May 26 and 28; and Yankton County, June 20 and 24. 
The cultivation treatments were applied with a specially 
designed applicator devised by Dr. P. A. Jones to be used for 
this purpose (Fig. 3). The applicator was pushed by one person 
and pulled by another. The insecticides were applied in two bands 
on each side of the plant . 
The granular insecticides were applied from a Noble granu­
lar box applicator with two metering units (Fig. 4). The 
granules were applied in two bands on each side of the base of , 
the plants. The liquid insecticides were applied with compressed 
air spray applicators attached to the homemade unit (Fig. 5). 
The liquids were banded at the base of the plants from two 
nozzles. After application, the insecticides were incorporated 
into the soil with a regular cultivator by the cooperator. 
Fig. 1. John Deere 112 Garden and Lawn Tractor and Noble 
granule box and appli cator used to apply granular 
treatments. 
Fig. 2 .  Sprayer used to apply liquid broadcast and band 
treatments . 
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Fig. 3. Applicator designed for cultivation treatments 
in 1969. 
Fig . 4. Noble granule box and two metering units for 
application of cultivation treatments in 1969. 
25 
Fig. 5. Compressed air spray tanks used in applying liquid 
- cultivation treatments in 1969. 
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The dates for the cultivation treatment s were: Hamlin 
County, June 24 ; Fall River County, June 28 ; Clay County, 
July l ;  Moody County, July 10 ; and Yankton Count y, July 14 . 
Evaluation of Rootworm Damage - 1969 
Larval counts were taken on all the plot s during mid-July . 
Eighty plants were sampled from each field. Coun� s from 
Yankton and Moody Counties showed a low population of  corn 
rootworm larvae with lit tle root damage; because of this, these 
plots were not evaluated further for damage. The plot in 
Fall River County was not used because bad weather conditions 
caused reduced stand and poor growth. The small size of the 
plant s made the use of root pull as an evaluating means impos­
sible. 
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The plot s in Clay and Hamlin Counties were used in the root 
pull and rating t ests in 1969. Plants were pulled and rated on 
July 22 and 23 in Clay County and July 28 in Hamlin County 
(Fig. 6). A total o f  1240 plant s were pulled and rated from 
the two fields. 
The procedure used in 1969 was the same as 1968 except for 
a small change in the root rating system. Root rating No. 1-
No visible feeding damage, and rating No. 2- Minor tip feeding, 
were incorporated into the same rating. This was done because 
pulling the plant s damaged some of the root tips and made it 
dif ficult to distinguish between these ratings. · A plant with 
minor tip feeding does not suffer any damage t o  any ext ent and 
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-
Fig. 6. Pulling corn plants with bar and tensiometer 
attached to electrician ' s  sock. 
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Fig. 7. Root ratings 1-5. 
Fig .  8. Root rating no. 1. 
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Fig. 9.  Root rating ·no. 2. 
Fig .  10. Root rating no. 3. 
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Fig. 11. Root rating no. 4 .  
Fig . 12. Root rating no. 5 .  
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is considere d a good  root system. The rating used in 1969 was: 
No. 1- No visible damage or only minor tip fee ding; No. 2-
Extensive tip fee ding with some pruned roots; No. 3- Extensive 
tip feeding and root pruning, but node not entirely gone; No. 4-
Severe pruning on two nodes with one node destroye d; No. 5- Two 
or mor.e nodes destroye d ( Fig. 7-12). 
The results of the pulls were compared and analyze d as in 
1968. 
Procedures for Larval Development � Root Damage Study - 1969 
The larval development study was begun in e arly June. Nine 
fie1ds were examine d for eggs to determine if a damaging popula­
tion of rootworms might develop in these fields. The five 
. research plots used in the insecticide performance study were 
checke d plus fields from the Herman Paulson and Arthur Henke 
farms in Lincoln County, the Southeastern South Dakota Research 
Farm in northern Clay County, and t he Loyle Eriksen farm in Moody 
County. 
All these fields had rootworm populations. All nine fields 
were sampled repeate dly starting in the middle of June to de tect 
rootworms. Ten plants were checked at four day-intervals for the 
presence of larvae. 
The test plot on the Don Hunter farm, Clay County, and the 
Herman Paulson farm , Ll.ncoln County, were se lected for the 
detailed study of larval deve lopment. 
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The study of larval development involved sectioning the soil 
around the plant into 10 segments. The soil was separated into 
a 0-3 inch radius from the plant by a tin sleeve, 6 inches in 
diameter, which was placed over the plant . A 3-7 inch band was 
then measured out from the tin sleeve (Fig. 13 ). The soil was then 
removed in two inch layers down to the 10 inch level on both the 
inside and outside of the sleeve. 
A grid with two inch levels was used to measure the layers 
and the soil was then removed with trowels. The soil was then 
placed on a piece of plywood and examined for rootworm larvae 
(Fig. 14 ) .  The corn roots were washed in a pail of water and 
were observed for damage. Progress of damage was followed to 
determine when maximum damage occurred to the root system. After 
washing, the roots were cut open and examined for larvae. 
The data taken included number of larvae, the stage of 
larval development, and placement of larvae in relation to the 
root syste�. 
Two persons examined 10 plants a day using this method. 
Plants were examine d at five- day intervals except for one period 
in early July when extremely wet weather delayed examinations 
for four days. Examination dates in Clay County were : July l, 
July 2, July 14, July 19, July 24, and July 29. Examination 
dates in Lincoln County were : June 26, July 2, July 11, July 16, 
July 21, and July 26 . 
� 
Fig. 13. Grid and can used . in separation of soil layers. 
Fig. 14. Examination of soil for corn rootworm 1arvae. 
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RESULTS AND DISCUSSION 
The larval counts taken in mid-July showed that all the plots 
had a corn rootworm infestation. The average larval counts per 
root system were: Yankton County , 29 . 2; Fall River County, 11. 9 ;  
Lincoln County, 11. 6; and Lake County, 10. 5 .  
The heavy larval population in the Yankton County plot and 
the subsequent damage produced caused the results from this plot 
to be the most reliable in evaluating insecticide performance·. 
The other test plots all .showed significant differences in insec­
ticide performance; but the differences were small in the lightly 
infested fields. 
Thimet 15G and Bux lOG both applied at 1 pound actual insec­
ticide per acre are two of the most popular insecticides used by 
farmers in South Dakota. These two compounds have performed well 
in widespread use by farmers, and in previous insecticide control 
tests in South Iakota . (Nearman, 196 8). 
The data obtained from the root pulls and root rating tests 
in 1968 are presented in Tables 1-8 . 
The Yankton County plot produced the greatest significant 
di fferences in insecticide performance. In the root pull tests 
the average pounds pull of Bux lOG was significantly higher than 
the average pounds pull from the four untreated checks. The 
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average pounds pull of Thimet 15G was higher than average of the 
four untreated checks and significantly higher than two of the 
four untreated checks. There was no significant difference 
between the average pounds pull of Bux lOG and Thimet 15G and 
heptachlor plus Bux at 1 pound a. i. per acre, the treatment with 
the highest average pounds pull (Table 1). 
In the Fall River County plot, the average pounds pull of 
Bux lOG was .significantly higher than that of the untreated 
check, but . Thimet 15G was not. There was no significant difference 
between the pounds pull of these two compounds and Ortho 5305 at 
1 pound a. i. per acre, the treatment with the highest average 
pounds pull (Table 3) . 
Bux lOG and Thimet 15G did not prove significantly different 
from the untreated checks in Lake County, although the average 
pounds pull from these trea tme_nt s was higher than the checks. 
The light rootworm infestation and the late date that the tests 
were performed because of heavy rainfall probably had an adverse 
effect on the results. The late date that the root pull test 
was performed allowed more time for root regrowth . The increased 
plant size and growth was shown by the higher average pounds 
pull from this field (Table 7). 
The average pounds pull of Bux lOG and Thimet 15G were not 
significantly different from any of the untreated checks in 
Lincoln County. These two compounds were not significantly lower 
than Furadan lOG at .75 pounds a. i. per acre, the best performing 
treatment, although there were some significant differences 
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between the best performing treatments and some of the untreated 
checks { Table 5). 
The root rating data from Yankton County showed that Bux lOG 
had a significantly lower rating than all the untreated checks 
and Thimet 15G had a significantly lower rating than 3 of  the 4 
untreated checks (Table 2) . A low rating indicates better con­
trol of corn . rootworms. 
The root rating of Thimet 15G was significantly better than 
the untreated check in the Fall River County test plot, although 
Bux lOG was not; however, the ratings of Bux lOG and Thimet 15G 
were significantly lower than many of the poorer performing 
compounds (Table 4 ). 
The ratings of Bux lOG and Thimet  15G from Lake County were 
significantly lower than 3 of the 4 untreated checks (Table 8). 
The ratings of Bux 10G and Thimet 15G were significantly 
lower than 4 of the 5 unt·reated checks in the Lincoln County test 
plot (Table 6 ) .  
The root ratings o f  Bux lOG a�d Thime t 15G were not signifi­
cantly higher than the top performing treatments in any of the 
test plots . 
The root rating system produced a slightly better method of 
analysis of rootworm related damage in 1968. This slight advan­
tage was offset somewhat by the greater human error involved in 
the root rating system and the difficulty in treating a 1 to 5 
rating scale with an analysis of variance to determine significant 
differences in insecticide performance. 
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A greater significant difference in insecticide performance 
was obtained by the root rating method in the Fall River and 
Yankton County test plots compared to the root pull method. There 
was little difference between the two methods of analysis in the 
Lake County plot because of the light rootworm infestation and 
late date that the tests were performed . There was little dif­
ference between the two rating methods in Lincoln County. This 
plot also had a light population and rootworm related damage was 
difficult _ to evaluate . 
Treatments that gave good performance for control of the corn 
rootworms as rated by these testing methods were the Furadan 
granular applications, Landrin granular combinations, diazinon, 
chlordane plus Bux , heptachlor plus Bux, Ortho 5305, and Bux 2EC, 
and the Bux granular formulations. 
Insecticides that failed to perform satisfactorily in the 
control of the corn rootworms were VCS-506, ER 2441, and Bay 37289. 
The control of corn rootworms by Mocap lOG was questionable in 
some plots and needed further evaluation. 
The data gathered from the Lincoln County test plot was 
insufficient to rate the performance of Baygon, Dasanit, and 
Di-Syston combinations test on this plot. 
No further difference in the efficacy of insecticide treat­
ment s could be detected from the 1968 root rating and root pull 
data. 
The root pull and root rating system was effective in 
differentiating between good insecticide treatments and poor or 
4o 
non-performing insecticides but could not be used for detecting 
minor differences in efficacy. The system did detect differences 
in insecticide performance in the lightly infested rootworm plots , 
but was n1ore efficient in the heavily infested Yank.ton County 
plot. 
The root pulls and root ratings showed a close relationship 
in detecting rootworm damage. Correlation between the root 
ratings and average pounds pull for each rating showed a high 
degree of · negative correlation. The higher ratings showed a 
lower average pounds pull (Table 9). The correlation coefficients 
were: Yankton County, -. 994 ; Lincoln County , - - 992 ; Fall Riyer 
County, - - 979; and Lake County, -. 987. 
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Table 1. Root pull values of insecticide treatments for con­
trol of corn rootworms. Yankton County, South 
_Dakota, 1968. 
Treatment 
Heptachlor 8G, Bux 6G 
Furadan lOG 
Bux lOG 
Landrin Pink lOG 
Furadan lOG 
Heptachlor 8G, Bux 6G 
Bux 15G 
Furadan 3G 
Chlordane 20G, Bux 7. 50 
Landrin Black 15G 
Bux lOG 
Ortho 5305 lOG 
Bux 2EC 
Landrin Green 15G 
Landrin Blue lOG 
Chlordane 20G, Bux 7. 50 
Landrin Yellow lOG 
Thimet 15G 
Diazinon 14G 
ER 2441 lOG 
Landrin Red 15G 
Mocap lOG 
Bay 37289 lOG Cult. * *  
Mocap lOG 
Thimet Low Odor 15G 
ER 2441 lOG 
Check 2 
ER 2441 lOG 
SD  8530 W. P. 
VCS-506 lOG 
Check 4 
VCS-506 lOG Cult. * *  
Check 1 
Check 3 
VCS-.506 
Rate of actual 
insecticide per acre 
( lb. ) 
1 + . 75 
. 75 
1 
. 75 
. 5 
• 75 + . 56 
l 
. 5  
2 + • 7.5 
. 75 
. 75 
1 
1 
. 75 
. 75 
1. 5 + . 56 
. 75 
l 
1 
2 
. 75 
l 
l 
. 75 
1 
. 75 
1 
1 
l 
1 
Average pounds 
pull per plant * 
228. 5a 
227. 25ab 
221. 25abc 
218. ?5abcd 
218. ?5abcd 
218. 25abcde 
214. 25abcdef 
210. 5abcde:f' 
205. 0abcdef 
204. 25abcdef 
203. 25abcdef 
203. 0abcdefg 
202. 0abcdefg 
202. 0abcdefg 
199. ?5abcdefgh 
199. 0abcdefgh 
l.98. ?5abcdefgh 
198.0abcdefgh 
19?. 75abcdefgh 
189. 25abcdefghi 
183. 75abcdefghi 
182 � 75abcdefghi 
1?9 - ?5bcdefghij 
1?8. 5bcdefghij 
176. 25cdefghij 
173 - ?5cdefghij 
l?0. 25defghij 
l?O . Oefghij 
169. 25fghij 
154. ?5ghij 
154. 0hij 
1.53. 0ij 
150 - 75ij 
150. 5j 
136. 0j 
* Duncan's new multiple range test. Means which share a common 
letter are not significantly different at ·the 5% l.evel. 
• •cultivation treatment. 
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Table 2. Roo t  ratings of insecticide treatments for control of 
corn rootworms. Yankton County, South Dakota, 1968. 
Treatment 
Bux lOG 
Chlordane 8G, Bux 6G 
Furadan lOG 
La.ndri n Pink lOG 
Bux lOG 
Ortho 5305 lOG 
Bux 15G 
Chlordane 20G, Bux 7. 5G 
Furadan lOG 
Bux 2EC 
Dia zinon 14G 
Landrin Green 15G 
Heptachlor 8G, Bux 6G 
Furadan 3G 
Landrin Yello w lOG 
Landrin Blue lOG 
La.ndrin Red 15G 
Thimet 15G 
Landrin Black 15G 
Heptachlor 8G , Bux 6G 
Thimet Low Odor 15G 
Mocap lOG 
SD 8530 W . P. 
Check 1 
Bay 37289 lOG 
Mocap lOG 
Check 2 
ER 2441 lOG 
ER 2441 lOG 
ER 2441 lOG 
VCS-506 lOG Cult. * * 
VCS-506 10G 
VCS-506 lOG 
Che ck 3 
Che ck 4 
Rate of actual 
insecticide per acre 
(lb. ) 
. 7·5 
1. 5 + . 56 
. 75 
. 75 
1 
1 
l 
2 + . 75 
. 5  
1 
1 
. 75 
l + . 75 
. 5  
. 75 
. 75 
. 75 
1 
. 75 
. 75 + . 56 
1 
1 
1 
1 
. 75 
2 
1 
. 75 
1 
1 
. 5  
Average 
root rating 
per plant * 
2. 3a 
2. 45ab 
2. 5ab 
2. 55ab 
2. 6abc 
2. 65abc 
2. 65abc 
2. 65abc 
2 .• 65abc 
2. 70abcd 
2. ?0abcd 
2. ?0abcd 
2 - ?5abcd 
2. 8abcd · 
2. 85abcd 
2. 85abcd 
2. 85abcd 
2. 85abcd 
2. 9abcd 
2. 9abcd 
3. 05bcd 
3. 1bcd 
3. 2bcde 
3. 3cdef 
3 - 35cdef 
3. 45def 
3. 80efg 
3. 85efg 
3. 9fgh 
4. 2ghi 
4. 6hij 
4. 75hijk 
5 . 0ijk 
5. 05jk 
5. 3k 
• Duncan ' s  new multiple range test. Means which share a common 
letter are not significantly different at the 5% level. 
• •cu1tivation treatment. 
Table 3. Root pull values of insecticide treatments for the 
control of corn rootworms . Fall River County , 
South Dakota , 1968 . 
Treatment 
ER 2441 lOG 
Ortho 5305 lOG 
Furadan lOG 
Diazinon 14G 
Bux 2EC 
Chlordane 20G , Bux 7. 5G 
Landrin Blue lOG 
Bux 10G 
Bux 15G 
Bux lOG 
Heptachlor 8G , Bux 6G 
Chlordane 20G , Bux 7. 5G 
Heptachlor 8G , Bux 6G 
Landrin Black 15G 
Thimet I.ow Odor 15G 
SD  8530 S . P. 
Thimet 15G 
Bay 37289 lOG Cult. * *  
Mocap lOG 
La.ndrin Red 15G 
Mocap lOG 
Furadan lOG 
La.ndrin Pink lOG 
Furadan 3G 
La.ndrin Yellow lOG 
ER 2441 lOG 
Landrin Green 15G 
Check l 
VCS-506 lOG Cult. * *  
ER 2441 lOG 
VCS-506 lOG 
VCS-506 lOG 
Rate of actual 
insecticide per acre 
{ lb. ) 
2 
1 
. 5 
1 
1 
2 + . 75 
. 75 
. 75 
1 
1 
1 + . 75 
1. 5 + . 75 
. 75 
. 75 
1 
1 
1 
1 
. 75 
. 75 
1 
. 75 
. 75 
. 5 
. 75 
1 
. 75 
1 
. 75 
. 5  
1 
Average pounds 
pull per plant* 
167. 75a 
167. 5ab 
161 . 5abc 
155. ?5abc 
153. ?5abcd 
152. 5abcd 
150. 25abcde 
150. 25abcde 
150. 25abcde 
149. ?5abcde 
148. 5abcde 
147. 0abcde 
146. 5abcde 
145. 75abcde 
145. 25abcde 
145. 0abcde 
143. 5abcde 
142. 5abcde 
141. 25abcde 
141. 25abcde 
139 - 75abcd 
139. 5abcde 
139. 0abcde 
131. ?5bcdef 
131. 25bcdef 
129. 5bcdef 
129. 25bcdef 
129. 25bcdef 
127 . 0cdef 
121. 25def 
117. 0ef 
101. 25f 
* Duncan ' s  new multiple range test. Means which share a common 
letter are not significantly different at the 5% level. 
• •cultivation treatment. 
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. Table 4. Root ratings of insecticide treatments for control 
of corn rootworms . Fall River County , South Dakota, 
1968. 
Treatment 
Bux 2EC 
Thimet 15G 
Di.azinon 14G 
Bux 15G 
Thimet Low Odor 15G 
BuJt lOG 
La.ndrin Blue lOG 
Bux lOG 
La.ndrin Pink lOG 
Furadan lOG 
Ortho 5305 lOG 
Chlordane 20G , Bux 7. 5G 
Furadan lOG 
Landrin Yellow 
Furadan 3G 
Heptachlor 8G , Bux 
Chlordane 20G ,  Bux 7. 5G 
La.ndrin Black 15G 
Heptachlor 8G, Bux 
Landrin Green 15G 
SD  8530 W. P. 
Landrin Red 15G 
Mocap 10G 
ER 2441 lOG 
Mocap lOG 
Check 1 
ER 2441 lOG 
Bay 37289 lOG 
ER 2441 lOG 
VCS-506 10G 
VCS-506 lOG Cult. * *  
VCS-506 10G 
Rate of actual 
insecticide per acre 
(lb. ) 
1 
1 
1 
1 
1 -
1 
. 75 
. 75 
. 75 
. 5  
1 
1. 5 + . 75 
. 75 
. 75 
. 5  
1 + . • 75 
2 + . 75 
. 75 
• 75 + . 56 
. 75 
1 
. 75 
. 75 
2 
1 
. 75 
1 
1 
. 5 
1 
1 
Average 
root rating 
per plant * 
2. 4a 
2. 6a 
2. 7ab 
2. 8abc 
2. 85abcd 
2. 9abcde 
2. 95abcde 
2 . 95abcde 
3. 00abcde 
3. ooabcde 
3. 05abcdef 
3 - 05abcdef 
3. labcdef 
3. 15abcdef 
3. 20abcdef 
3. 25abcdef 
3. 25abcdef 
3. 30abcdef 
3. 3abcdef 
3 - 35abcdefg 
3 - 35abcdefg 
3. 5abcdefg 
3. 6abcdefgh 
3. 70bcdefgh 
3. 80cdefgh 
}. 85defgh 
}. 90efgh 
4. 0e:fgh 
4. 05fghi 
4. }fghi 
4. 55hi 
5. 00i 
• Duncan ' s  new multiple range test. Means which share a common 
letter are not significantly different at the 5% level. 
* *Cultivation treatment. 
Table 5. Root pull values of insecticide t reatments for control 
of corn root worms. Lincoln County, ·south Dakota, 
1968. 
Treatment 
Furadan lOG 
Landrin Red 15G 
Heptachlor 8G, Bux 6G 
Bux lOG 
Das lOG Cult. * *  
Bux 2EC 
Furadan 3G 
Mocap lOG 
Landrin Blue lOG 
Chlordane 20G, Bux 7. 5G 
Ortho 5305 lOG 
Chlordane 20G, Bux 7. 5G 
Dasanit lOG Preplant 
Furadan lOG 
Bux 15G 
Thimet 15G 
Di-Syston 6SC Preplant 
La.ndrin Green 15G 
Baygon 70 W. P. Cult. * *  
Baygon 70 W. P. Cult. * *  
Landrin Pink lOG 
Baygon 5G 
Heptachlor 8G, Bux 6G 
Landrin Yellow 10G 
Landrin Black 15G 
Diazinon 14G 
Baygon 70 W. P. 
Ba.ygon 5G 
Bux lOG 
Ba.ygon 70 W. P. 
Baygon 5G Cult. * *  
Thimet 15G Low Odor 
Dasanit lOG Preplant 
SD  8530 W .  P. 
Da.sanit lOG Cult. * *  
Dasanit 6sc Preplant 
Dasanit lOG 
ER 2441 lOG 
Mocap lOG 
Di-Syston 6SC Preplant 
VCS-506 lOG 
Rate of actual 
insecticide per acre 
(lb. ) 
. 75 
. 75 
1 + . 75 
. 75 
. 9  oz/1000 feet 
l 
. 5 
1 
. 75 
2 + . 75 
l 
1. 5 + . 75 
6 
. 5  
l 
1 
6 
. 75 
. 9  oz/1000 feet 
• 3 oz/1000 feet 
. 75 
. 6  oz/1000 feet 
1 + . 75 
. 75 
. 75 
1 
. 9  oz/1000 feet 
. 9  oz/1000 feet 
1 
. 6  oz/1000 feet 
. 6  oz/1000 feet 
1 
4 
1 
. 6  oz/1000 feet 
2 
1 
2 
. 75 
4 
l 
Average pounds 
pull per plant * 
256a 
253ab 
25labc 
250abcd 
250abcd 
246abcde 
241abcdef 
241abcdef 
238abcdefg 
235abcdefg 
234abcdefgh 
231abcdefghi 
230abcdefghij 
229abcdefghij 
229abcdefghij 
227abcdefghijk 
225abcdefghijk 
224abcdefghijk 
223abcdefghijk 
223abcdefghijk 
223abcdefghijk 
222abcdefghijk 
221abcdefghijk 
22labcdefghijk 
220abcdefghijk 
219abcdefghijk 
219abcdefghijk 
218abcdefghijk 
218abcdefghijk 
217abcdefghijk 
216abcdefghijk 
216abcdef ghi jk' 
214abcdefghijk 
212abcdefghijk 
212abcdefghijk 
208abcdefghijk 
208abcdefghijk 
205abcdefghijk 
205abcdefghijk 
205abcdefghijk 
205abcdefghijk 
Table 5 .  { Continued) 
Treatment 
Bay 37289 l0G 
Di-Syston 6sc Pre plant 
Dasanit 6SC Cult. * *  
ER 2441 l0G 
ER 2441 l0G 
Da.sanit 6sc 
Check 2 
Dasanit 6sc 
Dasanit 6sc Preplant 
Baygon 70 W. P. Cult. * *  
Check 5 
Check 4 
Da.sanit 6sc 
VCS-506 l0G Cult. * *  
Check 1 
VCS-506 l0G 
Da.sanit 6SC Cult . * *  
Check 3 
Di-Syston l0G Preplant 
Rate of actual 
insecticide per acre 
( lb. ) 
l · 
10 
. 9  oz/1000 feet 
. 75 
1 
6 
• 9 oz/1000 :feet 
4 
. 6  oz/1000 feet 
1 . 2  oz/1000 feet 
1 
. 5  
. 6  oz/1000 feet 
6 
46 
Average pounds 
pul1 per plant * 
204abcde:f'ghi jk 
202abcdefghijk 
20lbcdefghijk 
199cde fghijk 
197defghijk 
197defghijk 
196efghijk 
194efghijk 
190fghijk 
189fghijk 
189fghijk 
188fghijk 
187fghi jk 
186ghijk 
l.81hijk  
180ijk  
177jk 
174jk 
174jk 
* Duncan ' s  new multiple range test. Means which share a common 
letter are not significantly different at the 5% leve1. 
* *Cultivation treatment. 
Table 6. Root ratings of insecticide treatments for control of 
corn rootworms. Lincoln County, South Dakota, 1968. 
Treatment 
Furadan lOG 
Furadan lOG 
Baygon 5G Cult. * *  
Furadan 3G 
ER 2441 lOG 
Bux 10G 
Bux 15G 
Bux 2EC 
Dasanit lOG Preplant 
Dasanit 6sc Preplant 
Chlordane 20G, Bux 7. 5G 
Beptachlor 8G, Bux 6G 
Landrin Blue lOG 
La.ndrin Red 15G 
Thimet 15G 
Da.sanit lOG Cult. * *  
Baygon 70 W. P. Cult. * *  
Thimet Low Odor 15G 
Bux 10G 
Baygon 70 W. P. 
Baygon 70 W . P. 
Di-Syston 6sc Preplant 
Ortho 5305 
Baygon 5G 
Baygon 70 W. P. Cult. * *  
Chlordane 20G, Bux 8G 
Baygon 5G 
Di.azinon 14G 
Lan drin Pink lOG 
Landrin Yellow lOG 
Dasanit lOG Cult. • •  
Dasanit 10G Prep1ant 
Mocap 10G 
Heptachlor 8G, Bux 6G 
Di-Syston 6SC Preplant 
Landrin Black 15G 
�sanit 10G 
Baygon ?O W. P. Cult . * *  
Mocap 10G 
Dasanit 6sc Preplant 
Landrin Green 15G 
SD 8530 W. P. 
Rate of actual 
insecticide per acre 
(lb. ) 
. 75 
. 5  
. 6  oz/1000 feet 
. 5  
2 
. 75 
1 
1 
6 
6 
2 + . 75 
l + . 75 
. 75 
. 75 
l 
. 9  oz/1000 feet 
. 9  oz/1000 feet 
l 
1 
. 9  oz/1000 feet 
. 6  oz/1000 feet 
10 
l 
. 6  oz/1000 feet 
. 3  oz/1000 feet 
1 . 5  + . 56 
. 9  oz/1000 feet 
1 
. 75 
. 75 
. 6  oz/1000 feet 
4 
. 75 
. 75 
6 
. 75 
l 
. 6  oz/1000 feet 
l 
• 9 oz/1000 feet 
. 75 
1 
Average 
root rating 
per plant* 
2. 4a 
2. 45ab 
2. 45ab 
2. 50abc 
2. 50abc 
2. 50abc 
2. 50abc 
2. 50abc 
2. 50abc 
2. 50abc 
2. 55abc 
2 . 60abcd 
2. 60abcd 
2. 60abcd 
2. 60abcd 
2. 60abcd 
2. 60abcd 
2. 65abcd 
2. 65abcd 
2. 65abcd 
2. 65abcd 
2. 65abcd 
2. ?0abcde 
2. ?0abcde 
2. ?0abcde 
2. 75abcde 
2. ?5abcde 
2. 80abcdef 
2. 80abcdef 
2. 80abcdef 
2. 85abcdefgh 
2. 85abcdefgh 
2. 85abcdefgh , 
2. 85abcdefgh 
2. 85abcdefgh 
3. 00abcdefgh 
3. 00abcdefgh 
3 - 05abcdefgh 
3 . 05abcdefgh 
3 - 05abcdefgh 
3. 10abcdefgh 
3. 10abcdefgh 
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Table 6. (Continued) 
Rate of actua l Average 
Treatment insecticide per acre root rating 
( lb. ) per plant• 
Bay 37289 lOG 1 3 - 15abcdefgh 
Da.sanit 6sc Preplant 4 3 -15abcdefgh 
Di-Syston lOG Preplant 6 3 - 15abcdefgh 
Da.sanit 6SC Cult. * *  . 6  oz/1000 feet 3 . 15abcdefgh 
Da.sanit 6sc 1. 2 3 - 15abcdefgh 
Da.sanit 6SC · cult. * *  . 9_ oz/1000 feet 3. 20bcdefgh 
ER 2441 lOG 3 . 25cdefgh 
Da.sanit 6SC Preplant 4 3. 25cdefgh 
Di-Syston 6SC Preplant 4 3 . 25cdefgh 
VCS-506 lOG . 5  3. 30defgh 
VCS-506 lOG 1 3 - 35defgh 
Check 2 3 - 35defgh 
Check 4 3. 40efgh 
ER 2441 lOG . 75 3. 40efgh 
Check 1 3. 45fgh 
Check 3 3. 50gb 
Check 5 3 . 65b 
VCS-506 lOG Cult. * *  1 3 . 75b 
• Duncan ' s  new multiple range test. Means which share a common 
letter are not significantly different at the 5% level. 
• •cultivation treatment. 
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Table 7 .  Root ratings of insecticide treatments for control of 
corn rootworms. Lake County, South Dakota, 1968. 
Treatment 
Bux lOG 
Mocap lOG 
Ortho 5305 lOG 
Heptachlor 8G, Bux 7. 5G 
Furadan lOG . 
ER 2441 lOG 
Furadan 3G 
Heptachlor 8G, Bux 6G 
Thimet 15G :U:,w Odor 
SD 8530 W. P. 
ER 2441 lOG 
Bux 15G 
Furadan lOG 
ER 2441 lOG 
VCS-506 lOG 
Check 3 
Landrin Green 15G 
Thimet 15G 
Chlordane 20G, Bux 7. 5G 
Landrin Red 15G 
Chlordane 20G, Bux 7. 5G 
La.ndrin Black 15G 
Bux lOG 
Landrin Yellow lOG 
VCS-506 lOG 
Mocap lOG 
Landrin Pink lOG 
Landrin Blue lOG 
Bux 2EC 
VCS-506 lOG Cult. * *  
Che ck 4 
Diazinon 14G 
Bay 37289 lOG Cult. * *  
Che ck 1 
Che ck 2 
Rate of actual 
insecticide per acre 
(lb. ) 
. 75 
1 
1 
. 75 
. 5  
2 
. 5  
1 
1 
1 
1 
1 
. 75 
. 75 
. 5 
. 75 
1 
1. 5 + . 75 
. 75 
2 + . 75 
. 75 
1 
. 75 
1 
. 75 
. 75 
. 75 
1 
1 
1 
1 
Average pounds 
pull per plant* 
394. 5a 
341. 5ab 
339. 0abc 
336. 75abc 
332. 5abc 
332. 0abc 
324. 0bc 
318. ?5bcd 
318. 0bcd 
317. 25bcd 
31?. 0bcde 
310. 25bcde 
308. 25bcde 
307. 0bcde 
305. 75bcde 
305. 75bcde 
305. 5bcde 
303. 25bcde 
302. 25bcde 
302. 25bcde 
299. 25bcde 
292. ?5bcde 
288. 25bcde 
285. 25bcdef 
284. 0bcdefg 
283. 0bcdefg 
282. ?5bcdefg 
282. 25bcdefg 
281. ?5bcdefg 
278. 0bcdefg 
263. 75cdefg 
245. 75defg 
232. 5efg 
219 - 5fg 
213 - 75f 
* Duncan ' s  new multiple range test. Means which share a common 
letter are not significantly different at � he 5% level. 
• •cultivation treatment. 
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Table 8 . Root ratings of insecticide treatments for control of 
corn rootworms. Lake County ·, South Dakota, 1968. 
Treatment 
Thimet 15G 
Heptachlor 8G, Bux 6G 
Thimet Low Odor 15G 
Bux 15G 
Furadan lOG 
Furadan lOG 
Check 3 
Bux lOG 
Ortho 5305 
Chlordane 20G, Bux 7. 5G 
Heptachlor 8G, Bux 7. 5G 
Landrin Red 15G 
Chlordane 20G, Bux 8G 
Landrin Yellow 10G 
Landrin Blue lOG 
Bux 2EC 
ER 2441 lOG 
Landrin Black 15G 
SD  8530 W. P. 
Diazinon 14G 
Landrin Pink lOG 
Furadan 3G 
Bux lOG 
ER 2441 10G 
La.ndrin Green 15G 
Mocap lOG 
Mocap lOG 
VCS-506 lOG 
ER 2441 lOG 
VCS-506 lOG Cult. • •  
VCS-506 lOG 
Check 4 
Bay 37289 lOG Cult. • •  
Check l 
Check 2 
Rate of actual 
insecticide per acre 
(lb. ) 
1 
1 + . 75 
1 
1 
. 5 
. 75 
. 75 
1 
2 + . 75 
. 75 + . 56 
. 75 
1. 5 + . 75 
. 75 
. 75 
1 
1 
. 75 
1 
l 
. 75 
. 5  
l 
. 75 
. 75 
. 75 
l 
1 
2 
1 
. 5 
1 
Average 
root rating 
per plant * 
2. 15a 
2. 15a 
2. 2a 
2. 2a 
2. 2a 
2.2a 
2. 2a 
2 � 25a 
2. 25a 
2 .25a 
2. 3ab 
2 . 3ab 
2 . 3ab 
2. 35ab 
2. 35ab 
2. 35ab 
2. 35ab 
2. 35ab 
2. 4abc 
2. 4abc 
2. 45abc 
2. 45abc 
2. 5abc 
2. 5abc 
2. 55abcd 
2. 55abcd 
2. 6abcd 
2 . 6abcd 
2. 65abcd 
2. ?bcd 
2. 9bcde 
3 .0cde 
3. lde 
3. 3e 
3 - 35e 
* Duncan ' s  new multiple range test. Means which share a common 
letter are not significantly different at the 5% level. 
* *Cultivation treatment . 
Table 9. Average pounds pull of  each root rating in South 
Dakota insecti cide test plots, 1968 . 
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• Location Root rating No. of  Average pounds (County ) plants pull per plant 
Yankton 2 183 229 • .59 
3 316 192. 29 
4 108 170 . 50 
.5 .51 1.54. 61 
6 42 132. 38 
Linco ln 2 372 244. o 
3 638 211 . 0  
4 141 170. 9.5 
5 35 150. 71 
6 14 12.5. 71 
Fall River 2 l�? 1.57 . 6  
3 2.53 153. 56 
4 142 131. 65 
5 57 117. 5 
6 41 87 . 8  
Lake 2 431 310.3.5 
3 226 284.3 
4 33 221 • .5 
5 6 134. 2 
6 4 83. 7.5 
Larval counts taken in mid-July showed moderate rootworm 
�opulations present in Clay, Hamlin, and Fall River Counties. 
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The average larval counts in the 80 plant samples taken from each 
field were : Clay County, 19 . 7 ;  Hamlin County , 19. 6 ;  Fall River 
County, 16. 4; Moody County, 3.3 ;  and Yankton County , 4. o. Root 
pull and root rating tes ts were performed on the test plots in 
Clay and Hamlin Counties from the res ults of these larval counts. 
As previously mentioned, the Fall River County test plot was not 
used because of poor plant growth. 
Corn rootworm inflicted damage wa� higher in Clay Countj 
than Hamlin County; but significant differences in insecticide 
performance were detected in both tes t  plots. 
Bux lOG and Thimet 15G, both applied at one pound actual 
insecticide per acre , were used as a comparison in 1969 as in 
1968. 
The data obtained in the 1969 root pull and root rating 
tests are presented in Tables 10-13 . 
The average pounds pull of Bux lOG was significantly higher 
than all of the untreated checks in the Clay County tes t plot 
( Table 10). The average pounds pull of Thimet 15G was signifi­
cantly higher than the averages of 3 of the 4 untreated checks. 
There was no significant difference in average pounds pull 
between Bux lOG and the Bux 2EC Atrazine solution, the treatment 
wi th the highes t  pounds pull. Thimet 15G was significantly lower 
than the highest treatment, but not significantly lower than 
Bux lOG. 
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The average pounds pull of Bux lOG was significantly higher 
than 2 of the 4 untreated checks in Hamlin County. The average 
pounds pull of Thimet was not significantly different from any 
of the untreated checks, but was significantly lower than the 
Bux 2EC Atrazine solution, the highest treatment. There was no 
significant difference in average pounds pull between Bux lOG 
and Thimet 15G in the Hamlin County test plot (Table 12). 
The root ratings of the Clay County plot showed Bux 10G to 
have a significantly lower rating than all the untreated checks. 
The root ratings of Thimet 15G was significantly lower than 3 of 
the 4 untreated checks. There was no significant difference 
between Thimet 15G and Bux lOG and Thimet 7. 5G plus Zinophos 
?. 5G at 1 pound a. i. per acre, the best root rating (Table 11). 
The root ratings made in the Hamlin County test plot showed 
Bux lOG to have a significantly lower rating than all the 
untreated checks. Thimet 15G was significantly lower than 3 of 
the 4 untreated checks. There was no significant difference 
between Bux lOG and Thimet 15G and the Bux 2EC Atrazine solution, 
the best root rating (Table 13). 
Insecticides which provided good control of the corn root­
worm were Bux emulsifiable concentrate and Bux granular formula­
tions at various rates and application methods, Thimet plus 
Zinophos, Dyfonate, Furadan, heptachlor plus Bux, Landrin, and 
Dasanit liquid concentrate applied at planting time . 
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Insecticides which provided only fair control of the corn 
rootworm were Dasanit cultivation treatments,  diazinon, and 
Mocap. Heptachlor failed to provide any control of the corn 
rootworm in the Clay County test plot but provided good control 
in the Hamlin County plot . Heptachlor is one of the chlorinated 
hydrocarbons that the corn rootworms became resistant to in the 
early 1960 • s .  The results from the Hamlin County test plot indi­
cate that there may still be a non-resistant population, either 
western or northern, in this area. 
Root pulls and root ratings were about equally effective in 
evaluating damage caused by corn rootworms in 1969 . Root �at ings 
were slightly better at detecting differences in insecticide 
efficacy in 1969 as they were in 1968, but this was offset by 
the previously mentione d weakness in statistical analysis . 
The root pulls and root ratings were closely correlated in 
1969 as in 1968. The average pounds pull dropped as the root 
rating increased . The correlation coefficient for Clay County 
was -. 999 and for Hamlin County, -. 986 . 
Root pull and root rating methods of analysis of corn root­
worm damage were found to be closely related in this study. 
Treatments which had a low average pound pull usually had a high 
root rating. 
The two methods were useful in differentiating between the 
better performing compounds and less effective insecticides. 
�e system was not effective in detecting significant differences 
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in the performance of proven insecticides. Some treatments could 
be suspected of giving better control than others, but differences 
were not statistically significant. 
The tests were not effective in detecting differences in 
application rates of the same compound if any differences exist. 
The tests did detect differences in planting and cultivation 
treatments of Dasanit in 1969, with the planting time treatments 
being more effective. 
The tests were much more effective under heavy rootworm 
infestations. Under heavy infestations the insecticides could 
easily be rated on two levels of efficacy and sometimes thre e. 
Under light rootworm infestations, no significant differences 
could be detected in some and at best the insecticides could 
only be rated on two levels of efficacy. Analysis of damage is 
improved if several fields are used. Significant differences 
may not be obtained  from any one field, but a compound that did 
not consistently show significantly better pe rformance than the 
untreated check could then be rated only as fair pending further 
study. Two e xamples would be the Mocap granular formulations 
and Dasanit cultivation treatments in 1969 . 
Table 10. Root pull values of insect icide treatments for 
control of corn root worms. Clay County, South 
Dakota, 1969 
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Treatment 
Rate of actual 
insecticide per acre 
(lb. ) 
Average pounds 
pull per plant • 
Bux 2EC - Atrazine 
Bux 2EC 
Bux 2EC - Uran 
Thimet lOG , Zinophos 5G 
Thimet 7. 5G , Zinophos 7. 5G 
Furadan lOG 
Bux lOG 
Dasanit 6 L. C .  
Bux 15G 
Bux 15G 
Mocap Regular lOG 
Heptachlor 8G, Bux 6G 
Mocap Deodorized lOG 
Bux 2EC 
Heptachlor 8G , Bux 6G 
Thimet 15G 
Da.sanit 15G Cult. • •  
Diazinon 14G 
Dasanit 6 L. C. 
Thimet 12G, Zinophos 3G 
Landrin 15G 
Check 2 
Da.sanit 6 L. C. Cult. • •  
Da.sanit 6 L. C. Cult . • •  
Dyfona te 10G 
Da.sanit 15G Cult . • •  
Check 1 
Heptachlor lOG 
Check 4 
Uran 
Check 3 
2 
2 
2 
. 67 + . 33 
. 5 _ + . 5  
. 75 
1 
1 
. 75 
1 
1 
. 75 + .. 56 
1 
1 
1 + . 75 
1 
.5 
1 
. 5  
• 8 + . 2  
1 
1 
. 5  
1 
1 
1 
281. 0a 
275 - 5ab 
274.5abc 
269 . 5abcd 
264. 5abcde 
251. ?5abcdef 
243. 75abcdefg 
236. 00abcdefg 
233 - 75abcdefg 
232 . 5abcdefg 
231 - 75abcdefg 
231. 25abcdefg 
228. Oa bcdefg · 
221. 0bcdefg 
220. ?5cdefg 
216. 25defg 
213 . 75efg 
210 . 75efgh 
209. 75efgh 
207. 25fgh 
204.5fghi 
203. 0fghi 
200. 0fghi 
198 . 25fghi 
198. 0fghi 
195. 5fghi 
191 . 0ghi . 
158. ?5hij 
153. 25ij 
135 - 5j 
121.0j  
* Duncan's new multiple range test. Means which share a common 
letter are not significantly different at  the 5% level. 
• •cultivation treatment. 
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Table 11 . Root ratings of insecticide treatments for control of 
corn rootworms o Clay County, South Dakota, 1969. 
Treatment 
Rate of actual 
insecticide per acre 
(lb. ) 
Thimet 7. 5G, Zinophos 7 . 5G 
Bux 2EC - Atrazine 
0 5 + . 5 
2 
Bux 2EC 
Furadan lOG 
Bux lOG 
Bux 2EC - Uran 
Thimet lOG, Zinophos 5G 
Da.sanit 6 L. C. 
Diazinon 14G 
Dasani t 6 L. C. 
Heptachlor 8G, Bux 6G 
Bux 15G 
Heptachlor 8G, Bux 6G 
Thimet 15G 
Thimet 12G, Zinophos 3G 
Dyfonate lOG 
Landrin 15G 
Bux 2EC 
Bux 15G 
Dasanit 6 L.C . Cult. * *  
Mocap Regular 10G 
Da.sanit 15G Cult. * *  
Dasanit 15G Cult. * * 
Mocap Deodorized lOG 
Check 1 
Dasanit 6 L. c. Cult . * *  
Check 2 
Heptachlor lOG 
Check 4 
Uran 
Check 3 
2 
., 75 
l 
2 
t 61 + 0 33 
1 
1 
. 5  
c 75 + e 56 
1 
1 + . 75 
1 
.. 8 + . 2  
l 
0 75 
1 
., 75 
e 5  
l 
· 1 
. 5  
l 
1 
l 
Average 
root rating 
per plant • 
1.45a 
1. 45a 
1. 45a 
1. 45a 
1.45a 
1. 50a 
1. 50a 
l. 65ab 
l. 65ab 
l. 70abc 
l. 90abcd 
l. 90abcd 
l. 95abcd 
l. 95abcd 
2. 00abcd 
2. 05abcd 
2. 05abcd 
2.lOabcd 
2.20abcd 
2. 30abcde 
2. 4oabcde 
2. 45bcde 
2. 50bcde 
2. 65cde 
2. 80cde 
2. 90de 
3. 15ef 
3 - ?5 fg 
4.05g 
4. 10g 
4. 20g 
• Duncan ' s  new multiple range test. Means which share a common' 
letter are not significantly different at the 5% level. 
• •cultivation treatment. 
Table 12. Root pull values of insecticide treatments for 
control of corn rootworms. Hamlin County, South 
Dakota, 1969. 
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Treatment 
Rate of actual 
insecticide per acre 
(lb. ) 
Average pounds 
pull per plant• 
Bux 2EC - Atrazine 2 234 . 25a  
1-sanit 6 L. C .  1 219. 50ab 
Furadan lOG . 75 215 . 50ab 
Bux 15G 1 211. 50abc 
Mocap Regular lOG 1 208 .00abc 
Beptachlor 8G, Bux 6G . 75 + . 56 206 . 25abc 
Bux 2EC - Uran 2 204. ?5abcd 
Beptachlor 8G, Bux 6G 1 + . 75 203_ . 75abcd 
Bux 2EC 2 203. 50abcd 
Bux 15G . 75 201. 50abcd 
Beptachlor lOG 1 198. 00abcd 
Bux lOG 1 193 . 25abcd 
Dasanit 15G Cult. • •  . 5  186. 75abcd-
Dasanit 6 L. C. Cult. • •  . 5  185. ?5abcd 
Thimet 7. 50, Zinophos 7 . "5G . 5  + ·. 5 185. 25abcd 
Dyfonate 20G 1 179 - 50bcd 
Check 3 179 .00bcd 
Thimet lOG, Zinophos 5G . 67 + . 33 177 - 75bcd 
Thimet 15G 1 175 - 75bcde 
Bux 2 EC 1 l?l. 25bcde 
Dasanit 6 L. C. . 5  l?O. OObcde 
Landrin 15G . 75 169. 5obcde 
Uran 167. 5obcde 
Dasanit 15G Cult. • •  1 165. 00bcde 
Check 2 165. 00bcde 
Mocap Deodorized lOG 1 159 - 75cde 
Thimet 12G, Zinophos 3G . 8  + . 2  157 . 50cde 
Dasanit 6 L. C. Cult. * *  1 157. 00de 
Check 4 150 . SOde 
Diazinon 14G 1 150. 00de 
Check 1 124. 50e 
* Duncan ' s  new multiple range test. Means which share a common 
letter are not significantly different at the 5% level. 
• •cultivation treatment. 
Table 13. Root ratings of insecticide treatments for control 
of corn rootworms. Hamlin County, South Dakota, 
1969. 
Treatment 
Rate of actual 
insecticide per acre 
(lb. ) 
Bux 2EC - Atrazine 
Bux 2EC - Uran 
Furadan lOG 
Heptachlor 
Heptachlor 8G, Bux 6G 
Heptachlor 8G, Bux 6G 
Bux 2EC 
Bux 2EC 
Bux 15G 
Bux 15G 
Bux lOG 
Dasanit 6 L. C. 
Landrin 15G 
Dasanit 6 L. C. 
Thimet 15G 
Thimet 7. 5G, Zinophos 7. 5G 
Thimet lOG, Zinophos 5G 
Thimet 12G, Zinophos 3G 
Dasanit 6 L. C. Cult. • •  
D:,fonate 20G 
Dasanit 15G Cult. • •  
Mocap Regular lOG 
Dasanit 15G Cult. • •  
Mocap Deodorized lOG 
Check 2 
Dasanit 6 L. C. Cult. • • 
Uran 
Check 3 
Diazinon 14G 
Check 4 
Check 1 
2 
2 
. 75 
1 
. 75 + . 56 
1 + . 75 
2 
1 
1 
. 75 
1 
l 
. 75 
. 5 
1 
. 5  + . 5  
. 67 + . 33 
. 8  + . 2  
. 5  
l 
. 5  
1 
l 
l 
1 
1 
Average 
root rating 
per plant • 
1. 05a 
l. lOab 
l. 15ab 
l. 15ab 
l. 15ab 
1. 15ab 
1. 20ab 
1. 20ab 
l. 25abc 
l. 25abc 
l. 30abcd 
1. 4oabcde 
1. 45abcdef 
l. 45abcdef 
1. 50abcdef 
1. 55abcdef 
1. 60abcdef 
1. 65abcdef 
1. 65abcdef 
1. 80abcdefg 
l. 85bcdefg 
1. 85bcdefg 
2. 00cdefg 
2. 05defgh 
2. lOefgh 
2. 15efgh 
2. 20gh 
2. 20gh 
2. 55gb 
2. 75h 
3. 40i 
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• Duncan's new multiple range test. Means which share a common 
letter are not significantly different at the 5% level. 
• •cultivation treatment. 
Table 14. Average pounds pull of each root rating in South 
Dakota insecticide test plots, 1969 
Location 
(County) 
Clay 
Hamlin 
Root rating 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
No. of Average pounds 
plants pull per plant 
179 263. 0 
231 229 . 2  
116 188 . 75 
45 155.3  
49 123.5 
309 222. 8 
226 175. 8 
62 136. 7 
15 110. 6 
7 96. 4 
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Larval Development - 1969 
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Corn rootworm larvae were first observed in Lincoln County 
�n June 21. Three first instar larvae were found around the 10 
plants examined. First larvae were found in Clay County on 
June 27 .  Two of the five larvae found on this date were in the 
second instar stage of development in Clay County. The presence 
of second instar larvae on June 27 in Clay County indicated that 
the larvae hatched about June 15, based on the observations by 
George and Hintz (1966) of the western corn rootworm larvae that 
the first instar larval stage lasts 11 days. 
The presence of large numbers of second instar larvae in· 
both fields on July 1 and July 2 indicated that the peak hatch 
in this area occurred between June 15 and June 25. The average 
June temperature at the Centerville Research farm near the test 
plots was 4 . 9  degrees below the established normal at Canton and 
5. 3  degrees below the established normal at Vermillion. 
Chiang and Sisson (1968) reported an average soil tempera­
ture accumulation of 380 degree days above 52°F. for northern 
_ corn rootworm larvae to hatch. They reported soil temperature 
accumulations of_ 380 degrees to coincide with an air temperature 
0 cumulation of about 500 degree days above 52 F. , this varied 
With the amount of soil cover present in a field. 
Study of tempe rature data obtained from the Centerville 
0 Research farm showed that 500 degree days above 52 F .  occurred 
on June 16. Based on previous years average temperatures, 500 
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degree days above 52° F .  would normally accumulate about a week 
earlier in this area. The population in this area was later 
determined to be almost exclusively western corn rootworms. The 
identifications were made by capturing emerging adult beetles in 
emergence cans. No observations were available on the western 
corn rootworm, but the lower temperatures during early ju_ne 
probably resuited in a delay in the hatch of western corn root­
worms in this area . It is impossible to determine from this 
limited data obtained if there is a temperature relationship 
between western and northern corn rootworms hatching dates. 
The larval population showed a sharp increase between the 
June 26 and 27 samplings and the July 1 and 2 collections in 
both fields. A great number of second instar larvae were 
present, but only slight damage to the root system was evident. 
Heavy rainfall amounting to 4-5 inches occurred between 
July 4 and July 8 in this area resulting in a delay in observa­
tions . The rootworm population increased to an average of 47 
per plant on July 9 in Clay County ( Table 15).  There was a 
great deal of active feeding at this time with first, second and 
third instar larvae observed, the majority being second instars .  
In the root systems examined from the untreated check rows, the 
roots on nodes 4 and 5 were heavily damaged . The first, second 
and third nodes of the root system were only slightly damaged, 
and damage to roots in this area did not increase.  Nodes 1 and 2 
are the first nodes formed by the corn plant and were well 
�' 
established before rootworms became evident. Apple (1963) 
reported that rootworms did not damage these two nodes and 
attributed this fact to the head start of these nodes over the 
rootworms and the root epidermis became lignified which dis­
couraged rootworm feeding. The other nodes develop later and 
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are more subject to rootworm attack than when they are first 
starting and have a soft cortex ( 4pple, 1963 ) .  The major part of 
the root system is located in the upper six inches of soil with 
new nodes appearing at the 2-3 inch level and growing downward. 
The majority of the rootworms in the Lincoln County field 
were in the third instar stage of development on July 11. The 
first pupae were also found on this date. Damage to the root 
system was apparent with node 5 destroyed on many of the plants 
examined and many rootworms actively feeding in the root nodes 
and around the root system ( Table 15) . 
The majority of the rootworms observed from the July 14 and 
16 collections were in the third instar stage of development. 
Mor� pupae were present than second instar larvae on these two 
collection dates. Damage to root systems was extensive in both 
fields with root node� 4 and 5 completely destroyed on many 
plants ( Tables 15 and 16). The average root rating was 4 . 5 in 
Lincoln County on July 16 ( Table 15). 
The damage increased in �lay County during the period 
between July 14 and 19 so that the root rating values at this 
time averaged 4. 5 ( Table 16 ). 
Table 15 . Observations o !  plant growth and rootworm inflicte d  damage to  corn 
root systems . Lincoln County , South Dakota , 1969. 
Average plant Average number Ave rage number 
Date height per of  roo t  nodes of  rootworms 
10 plants per 10 plants per 10 plants •  
June 26 19 " 3 . 8  
July 2 31° 4 12 . 4  
July 11 52 " 5 29. 1  
July 16 65" 6 26 . 4  
July 21 82 " 6 25 . 2  
July 26 94" 7 15 . 7  
* Includes  pupae and third instar larvae that may no longer be 
actively feeding. 
Amount . o f  Damage 
per  10 plant s 
none 
slight 
moderat e , node 5 
destroyed on mos t  
plants  
heavy , average 
roo t  rating 4 . 5 
heavy , average 
root rating 4 . 2  
heavy , average 
root  rating 4 . o  
\. 
°' 
� 
Table 16. Observations o f  plant growth and rootworm inflicted damage to corn 
root sys tems . Clay County , South Dakota, 1969. 
Average plant Average number Average number 
Date height per of roo t nodes - of  rootworms 
10 plants per 10 plants per 10 plant s *  
July 1 30" 4 12. 2 
July 9 48 1 1  5 47. 7 
July 14 52" 6 36. 7 
July 19 77" 6 35 . 0  
July 24 85" 7 19. 5 
July 29 96"  7 15. 8 
*Includes pupae and t hird instar larvae that may no longer be 
actively feeding . 
Amount o f  Damage 
per  10 plants 
slight 
moderate 
heavy , average 
root rating 4 . o  
heavy , average 
root rating 4. 5 
heavy , average 
root rating 4. 4 
heavy , average 
root  rating 4 . 1  
0\ 
VI 
Further damage to the corn root sy�tem did not increase 
after the July 19 and 21 sampling dates at either location • 
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. Regrowth from some of the partially damaged nodes b egan to 
appear on July 21 in Lincoln County and July 24 in Clay County 
(Tables 15 and 16) .  In addition to the regrowth of roots from 
partially damaged nodes, roots from nodes 6 and 7 began to form 
at this time. Roots from nodes 6 -and 7 grow after the main 
rootworm population declined and because of this the damage to 
roots in node 6 was slight and roots in node 7 were undamaged. 
Regrowth was extensive by late July in both fields . 
The root systems could still be observed for damage by late 
July, but variance in regrowth made it more difficult to distin­
guish betwe en differences in damage. Differences between root . 
ratings 1 and 2 and betwe en 2 and 3 were harder to distinguish. 
The growth of roots of nodes 6 and ? would cause an increase in 
the pounds pull required to pull a corn plant . The differences 
in the growth of roots at nodes 6 and ? and in the root regrowth 
at other damaged nodes would decrease the effectiveness of the 
root pull in detecting rootworm related damage. 
The corn rootworm larvae exhibited definite distribution 
patterns in relation to the corn root system. The majority of 
the larvae were found in the upper 6 inches of soil where the 
main part of the root system is located. Corn rootworms were 
found as low as 10 inches early in the season, but very few were 
found below 6 inches after the mid-July observations. The soil 
below 6 inches became extremely hard at .this time slowing larval 
travel in this area . 
The remaining discussion will concern the distribution of 
larvae in the upper 6 inches of soil (Figures 15-20) . 
The highest level of  rootworm activity occurred early in 
the season within the 3 inch radius from the plant at a soil 
depth of 2-6 inches. The majority of second instar larvae were 
found in this region on all sampling dates (Figures 15 and 18 ) .  
The majority of third instar larvae were located in the 2-4 
inch soil depth close to the plant on July 9. The third instar 
larvae appeared to move upward and outward in relation to the 
root system development as the season progressed. Collections 
from July 19 and July 24 in Clay County showed a large number of 
rootworms in the 3-7 inch band around the corn plant and at the 
0-4 inch soil depth . Mos t of the rootworms had left the 4-6 inch 
soil depth by July 19 and populations continued to drop in this 
area after this date (Figure 17). 
Pupae were found evenly distributed throughout the upper 
2 inches of soil. A smaller number were found evenly distributed 
at the 2-4 inch soil depth. Although the numbers of  pupae are 
higher in the 3-7 inch band, the distribution was still uniform 
because of the increased area of soil sampled in the outside 
band (Tables 15-20). 
The presence of second instar larvae in the 3-7 inch band 
suggests that the larvae do not spend their entire development 
in and around the root system. The larvae were very motile when 
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placed on t he counting board and could travel approxima tely 3 
inches per minute. The motility of the larvae indica tes t hat 
they may a t tack more than one root sys tem during their develop­
ment, although this could not be proved in this study. 
The large number of t hird ins tar larvae and pupae 1oca ted 
away from the root system indicates that t he larvae migrate 
outward and upward before pupation. The greates t number of pupae 
were found in the upper two inches; an area in which the soil is 
drier and looser. The soil in t he upper two inches is usually 
soil that has been pushed around the plant by cul tivation. The 
root sys tem does no t have any con tact with this area. The loose 
soil in this area would facilitate emergence of adu1ts. 
The large area of soil sampled and length of t ime spent on 
each plant makes this system unfeasible for larval surveys. The 
results of t his study indicate t hat the best time to sample 
larval populations on a large scale would be when the rat io of 
second ins tar to  third instar larvae was one to one. The 
? x ? x 7 inch cube soil sample tha t is taken in larval sampling 
would collect the most rootworms in the smalles t area at this 
time . The ou tward migration of fully grown third instar larvae 
after this t ime would reduce the total number of larvae collected 
in the 7 x 7 x 7 inch cube if the sampling date were delayed. 
The larval counts taken in 19�8 and 1969 from the tes t  plots 
probably showed lower populations than were actuaily present. 
The discovery of the first pupae on July 11 and presence 
of adults in the field in small numbers on July 16 suggests that 
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growth in the field occurs at a much fa�ter rate in the field 
than in the lab. George and Hintz (1966) reported a minimum of 
_46 days spent in the immature stage in their laboratory study. 
This would mean that the adults found on July 16 would have 
hatched about June 1. The first larvae was not discovered until 
June 21, just 25 days before adults were found. The d ifficulty 
in locating first instar larvae in the field could have resulted 
in a population being present in the field several days before 
their discovery, but it is doubtful that they would have been 
overlooked for two weeks. The larvae reared in the laboratory 
could have been exposed to conditions of stress that would have 
lengthened the time spent in the immature stage. The data 
obtained in this study suggest that the portion of their li_fe 
cycle spent in the immature stage is shorter ; this would be hard 
to prove because of the impossibility of observing the same larva 
in the field throughout its life cycle. 
?6 
CONCLUSIONS 
Root pulls and root ratings were both effective in dif­
ferentiating rootworm related damage in insecticide test plots. 
These test methods were effective in detecting insecticides 
that did not provide effective control of the corn rootworms. 
These methods of analysis could not be used to detect 
differences in efficacy of proven insecticides in 1968 and 1969 . 
Differences in application rates used in 1968 and 1969 could not 
be detected using these methods. 
The root pull and root rating methods were more effective 
in heavily infestated plots. 
More effective indications of insecticide performance could 
be obtained when the results from several fields co uld be 
studied. Questionable treatments could be checked more effec­
tively for their level of efficacy by studying their performance 
in more than one location . 
The results of the larval development and root damage s tudy 
indicated that more effective results can be obtained if the 
tests are performed in mid-July, the t ime of peak damage . 
Larval counts would be more effective in determining overall 
field populations if taken when the ratio of second to third 
instar larvae was one to one. Based on observations in this 
study and climatic data , this period would normally occur 
sho rtly before July 10 in southeastern South Dakota. 
?? 
Problems that may occur to hinder �hese methods of analysis 
of rootworm damage are adverse weather conditions that can delay 
_testing, poor plant growth that may delay the root pulls because 
of small si ze, and uneven soil moisture conditions that would 
produce unwanted differences in root pull values, and uneven 
rootworm populations within the test plot. 
Proper timing of root pulls is more important than proper 
timing of root ratings because regrowth can mask differences in 
average pounds pull, but closer scrutiny can still detect _ 
differences by using the root rating method of a later than 
optimum time. 
Although the root pulls and root ratings cannot always 
detect many levels of efficacy between insecticide treat ments, it 
is a useful method for detecting the failure of an insecticide 
in the· control of the corn rootworm .  
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APPENDIX 
· Table 17 . Total number of rootworm 
plants .  Lincoln County . 
Soil depth 
0-2 " 
2-4" 
4-6" 
6-8 " 
8-10" 
Stage o f  
development 
first instar 
second instar 
third instar 
first inatar 
second instar 
third instar 
first instar 
second instar 
third instar 
first instar 
second instar 
third instar 
first instar 
second instar 
third ins tar 
larvae and pupae found around 10 corn 
June 26 , 1969 . 
Dis tance from Elant Root nodes • 
0-3" 3-7 " 4 5 6 
0 1 
0 0 
0 0 
0 1 1 0 0 
0 1 0 0 0 
0 0 0 0 0 
1 0 
0 0 
0 0 
0 1 
2 1 
0 0 
0 0 
0 0 
0 0 
*Root nodes usually located in 2-4 inch soil depth . 
00 
"" 
Table 18 . Total number or rootworm larvae and pupae found around 10 corn 
plants . Linco ln County . July 2 ,  1969 . 
Stage of  Distance from Elant Root  nodes * Soil depth development 0-3" 3-7 " 4 5 6 
0-2° first instar 0 0 
second ins tar 3 4 
third instar 0 0 
2-4" first instar 4 0 0 0 0 
second instar 48 16 1 2 0 
third instar 0 0 0 0 0 
4-6" first instar 0 0 
second instar 26 9 
third instar 0 
6-8" first ins tar 0 0 
second instar 3 10 
third instar 0 0 
8-10" first instar 0 0 
second instar 0 0 
third ins tar 0 0 
*Root nodes usually located in 2-4 inch soil depth . 
00 
-i:-
Table 19 . Total number of rootworm larvae and pupae found around 10 c orn 
plants . Lincoln County . July 11 , 1969 . 
Soil depth Stage of  development 
Distance from Elan� 
0-3" 3-7 t t  
Root nodes * 
4 5 6 
0-2 " second instar 3 
third instar 16 
pupae 0 
2-4" second instar 35 
third instar 59 
pupae 0 
4-6"  second instar 18 
third instar 12 
pupae 0 
6-8 " second ins tar 4 
third instar 2 
pupae 0 
L-
8-10" second ins tar 0 
third instar 0 
pupae 0 
*Root no des usually located in 2-4 inch soil depth . 
0 
33 
2 
7 
33 
0 
9 
12. 
0 
6 
2 
0 
l 
1 
0 
14 
19 
3 0 
0 0 
00 
\J1 
,, 
Table 20 . Total number of rootworm larvae and pupae found around 10 corn 
plants .  Lincoln County . July 16 , 1969 . 
Stage of  
development 
Distance from plant Roo t  node s *  
Soil depth 
0-2" 
2-4" 
4-6" 
6-8" 
second ins tar 
t hird instar 
pupae 
second instar 
third instar 
pupae 
second instar 
third instar 
pupae 
second instar 
third instar 
pupae 
0-3" 3-7 " 
4 0 
5 22 
2 10 
10 1 
36 51 
7 42 
10 4 
13 
8 
2 1 
0 2 
l 2 
*Root nodes usually located  in 2-4 inch soil depth. 
4 5 6 
0 0 2 
0 0 4 
00 
°"' 
Table 21 . Total number of roo tworm larvae and pupae found around 10 eorn 
plants .  Linco ln County . July 21 , 1969 . 
Stage of Distance from Elant Root nodes* Soil depth development 0-3"  
0-2" eecond ins tar 3 
third ins tar 19 
pupae 9 
2-4" second instar 14 
third instar 40 
pupae 7 
4-6" second ins tar 9 
third instar 3 
pupae 0 
6-8" second instar 2 
third instar 0 
pupae 0 
8-10" second ins tar 0 
third instar 0 f' 
pupae 0 
*Root nodes usually locat ed in 2-4 inch soil depth . 
3-7"  
0 
31 
24 
3 
56 
20 
1 
18 
1 
0 
3 
1 
0 
3 
0 
4 5 6 
1 
2 
4 0 
8 0 
0:, 
'1 
Table 22 . Total number of rootworm larvae and pupae found  around 10 c orn 
plants .  Linco ln County . July 26 , 1969 . 
Stage o f  Dis tance  from Elant Roo t  no des *  Soil depth development 0-3 "  3-7" 4 5 6 
0-2 " s econd ins tar 0 0 
third ins tar 8 35 
pupae 3 12 
2-4" second ins tar 4 0 0 0 0 
third ins tar 11 . .  34 0 0 0 
pupae s 34 
4-6"  second instar 0 0 
third instar 1 2 
pupae 1 5 
6-8" second instar 0 0 
third instar 0 2 
pupae 0 0 
• *Root no des usually located in 2-4 inch s oil depth . 
f' 
00 
00 
Table 23 . Total number of rootworm larvae and pupae found around 10 c orn 
plants .  Clay County. July 1 ,  1969 . 
Stage of  Distance from Elant Roo t  nodes * Soil depth development 0-3" 3-7 '' 4 5 6 
0-2" first ins tar 1 0 
second instar 17 0 
third instar 0 0 
2-4" first instar 2 0 0 0 0 
second instar 39 9 2 2 0 
third instar 0 0 0 0 0 
4-6"  first instar 0 0 
second ins tar 29 
third ins tar 0 0 
6-8" first ins tar 0 0 
second instar 6 ' 
third instar 0 0 
8-10" first ina tar 0 0 
second instar 0 0 
third instar 0 0 
*Root nodes usually located  in 2-4 inch soil depth. 
00 
\0 
Table 24. Total number of rootworm larvae and pupae found around  10 corn 
plants . Clay County . July 9 ,  1969 . 
Stage of  Distance from Elant Soil depth development 0-3" 3-7 "  
0-2" first instar 0 0 
second ins tar 12 2 
third instar 6 12 
2-4" first instar 0 0 
second instar 72 26 
third instar 42 14 
4-6"  first instar 0 0 
second instar 76 45 
third instar 17 18 
6-8" first instar o , 1 
second ins tar 16 29 
third ins tar 2 7 
8-10" first instar 0 1 
second ins tar 3 29 
third instar 1 2 
*Root no des  usually locat ed in 2-4 inch soil depth . 
Root  nodes•  
4 5 6 
2 0 0 
21 10 0 
11 0 0 
\0 o_ 
Table 25 . Total number of rootworm larvae and pupae found around 10 c orn 
plants. Clay County.  July 14 , 1969. 
Soil  depth Stage o f  
Distance  from Elant 
development 0-3 '' 3-7 " 
0-2 " s econd ins tar 14 2 
third instar . 12 32 
pupae 4 2 
2-4" second ins tar 39 13 
third instar 43 43 
pupae 2 2 
u 
4-6" second instar 23 23 
third instar ' 15 13 
pupae 3 0 
6-8" second instar 11 28 
third instar 4 12 
pupae 0 0 
8-10" second instar 4 5 
third 0 2 
pupae 0 0 
*Root nodes usually located in 2-4 inch soil depth . 
Roo t  nodes * 
4 5 6 
0 17 0 
0 15 0 
\0 .... 
Table 26 . Total number of rootworm larvae and pupae found around 10 corn 
plants .  Clay County . July 19 , 1969. 
Stage o f  Distance from Elant Roo t  nodes * Soil depth development · 0-3" 3-7" 4 5 6 
0-2 " second ins tar 2 l 
third instar 37 69 
pupae 13 59 
2-4 "  second instar 0 3 0 2 6 
third instar 41 30 0 0 19 
pupae 6 25 
4-6" second instar 0 5 
third instar 7 12 
pupae 1 l 
6-8" second instar Q .. 2 
third instar 2 5 
pupae 0 2 
, \ 8-10" second instar 0 0 
third instar 0 0 
pupae 0 0 
*Root nodes usually located  in 2-4 inch soil depth . 
\.0 
N 
Table 27 . Total number of  rootworm larvae and pupae found around 10 corn 
plants . Clay County. July 24 ,  1969 . 
Stage o f  Distance from Elant Root  nodes * Soil depth development 0-3 " 
0-2 " second instar 2 
third instar 12 
pupae 2 
2-4" second instar 10 
third instar 32 
pupae 6 
4-6"  second ins tar 3 
third instar 6 
pupae 0 
6-8 " second instar o · 
third instar 0 
pupae 0 
8-10" second instar 0 
third instar 0 
pupae 0 
*Root no des usually located  in 2-4 inch soil depth . 
3-7" 
3 
34 
13 
4 
36 
14 
2 
10 
4 
1 
0 
1 
0 
0 
0 
4 5 6 
0 
0 
0 0 
0 18 
'° 
\N 
Table 28 . Total number of  rootworm larvae and pupae found around  10 corn 
plants .  Clay County . July 29 , 1969 . 
Stage o f  Distance from Elant Ro ot  no des • Soil depth development 0-3 " 
0-2" second instar • 0 
third instar 7 
pupae 6 
2-4" second instar 2 
third instar 32 
pupae 9 
4-6" second ins tar 0 
third ins tar 4 
pupae 2 
6-8° second instar 0 
third instar 0 
pupae 0 
8-10" second instar 0 
third ins tar 0 
pupae 0 
*Root nodes  usually located  in 2-4 inch soil depth . 
3-7"  
0 
27 
8 
0 
29 
20 
0 
5 
6 
0 
1 
0 
0 
0 
0 
4 
0 
0 
5 6 
0 0 
O 3 
\0 
.f:-
